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5 [CLAIMS] 

[Claim 1] An undercoating composition comprising an 
organic copolymer comprising (A) a UV- absorbing 
benzotriazole based vinyl monomer, (B) an alkoxysilyl 
group -containing vinyl monomer, and (C) another 
10 copolymerizable monomer, the alkoxysilyl group -containing 
vinyl monomer accounting for 0.1 to 50% by weight of the 
copolymer . 

[Claim 2] The undercoating composition of claim 1, further 
comprising 0.1 to 10 parts by weight of a photo-stabilizer 
15 having at least one cyclic hindered amine structure in a 

molecule, per 100 parts by weight of said organic copolymer. 

[Claim 3] The undercoating composition of claim 1 wherein 
said copolymer contains 0.1 to 10% by weight of an acrylic 
monomer having a cyclic hindered amine base 
20 photo -stabilizing group as component (C). 

[Claim 4] The undercoating composition of any one of 
claims 1 to 3, further comprising 0.1 to 50 parts by weight 
of a compound containing a nitrogen atom and an alkoxysilyl 
group in one molecule, per 100 parts by weight of said 
25 organic copolymer. 

[Claim 5] The undercoating composition of claim 4 wherein 
the compound containing a nitrogen atom and an alkoxysilyl 
group in one molecule is a compound containing at least one 
nitrogen atom and at least two alkoxysilyl groups in one 
30 molecule. 

[Claim 6] A method for coating a plastic substrate with a 
weather and abrasion-resistant coating, comprising the steps 
of: 



35 undercoating composition of any one of claims 1 to 5 onto a 
plastic substrate. 



(i) applying an organic solvent solution of the 
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(II) evaporating the organic solvent and curing the 
coating, 

(III) applying an organopolyslloxane composition onto 
the primer coat, said organopolyslloxane composition 

5 comprising a hydrolyzate or co-hydrolyzate of an 

organoxysllane of the following general formula (1): 

R^„Sl{OR^)4.„ (1) 

10 wherein Is selected from the class consisting of a alkyl 
group, aryl group, halogenated alkyl group, halogenated aryl 
group and alkenyl group of 1 to 10 carbon atoms, and an 
organic group having an epoxy, (meth)acryloxy, mercapto, 
amino or cyano group, R' Is hydrogen or an organic group of 1 
15 to 10 carbon atoms, and m Is equal to 0, 1 or 2, and 

(Iv) heating the coating of the organopolyslloxane 
composition for curing. 

[Claim 7] The method for coating a plastic substrate with 
a weather and abrasion-resistant coating of claim 6 wherein 
20 said organopolyslloxane composition further contains 
colloidal silica. 

[Claim 8] The method for coating a plastic substrate with 
a weather and abrasion-resistant coating of claim 6 or 7 
wherein the plastic substrate is comprised of a 
25 polycarbonate resin. 

[Claim 9] The method for coating with a weather and 
abrasion-resistant coating of claim 8 wherein the 
polycarbonate resin is transparent. 
[DETAILED EXPLANATION OF THE INVENTION] 
30 [0001] 

[Technical Field of the Invention] 

This invention relates to undercoatlng compositions 
for forming silicone coatings which are mar and 
weather-resistant protective coatings on plastic substrates 
35 currently often used as structural members Instead of glass 
in building and vehicle windows, instrument cover, and the 
like, and a method of coating with the use of the 
composition. 
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[0002] 

[Prior Art and Problem to be Solved by the Invention] 

As glazing substitutes, shatterproof or highly shatter 
resistant transparent materials have been widely utilized 
5 for these decades. For example, plastic substrates, 

especially polycarbonate resins have superior transparency. 
Impact resistance and heat resistance and are currently used 
as structural members Instead of glass In a variety of 
applications Including building and vehicle windows and 
10 Instrument covers. 
[0003] 

The polycarbonate resins, however, are inferior to 
glass in surface properties such as mar resistance and 
weather resistance. It is desired to improve the surface 
15 properties of polycarbonate resin parts. Nowadays, 

polycarbonate resin parts for use as vehicle windows and 
acoustic barrier walls along highways are required to 
withstand more than 10 years of weathering. 
[0004] 

20 Known means for improving the weather resistance of 

polycarbonate resin parts Include the lamination of a 
weather resistant acrylic resin film on the surface of a 
polycarbonate resin substrate and the formation of a 
ultraviolet absorber-containing resin layer on the resin 

25 surface, for example, by co-extrusion. 
[0005] 

For improving the mar resistance of polycarbonate 
resin parts, it is known to coat thermosetting resins such 
as polyorganosiloxanes and melamine resins and to coat 
30 photo-curable resins such as polyf unctlonal acrylic resins. 
[0006] 

As to the manufacture of transparent articles having 
both weather resistance and mar resistance, JP-A 56-92059 
and JP-A 1-149878 disclose ultraviolet -absorbing transparent 
35 substrates having a primer layer loaded with a large amount 
of UV- absorber added and a protective coating of colloidal 
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sillca- containing polyslloxane paint overlying the primer 
layer . 

[0007] 

However, several problems arise with this approach. 
5 The addition of a large amount of UV- absorber to an 

undercoat can adversely affect the adhesion to the substrate 
or the protective layer of colloidal silica- containing 
polyslloxane coating agent applied on the surface of an 
undercoat. During heat curing step, the UV-absorber can 

10 volatilize off. On outdoor use over a long period of time, 
the UV-absorber will gradually bleed out, causing whitening. 
From the mar resistance standpoint. It Is Impossible to add 
a large amount of UV-absorber to the protective coating of 
colloidal slllca-contalnlng polyslloxane. 

15 [0008] 

It Is also known from JP-A 6-299132, 7-90184 and 
10-25434 that a copolymer of a benzotrlazole based 
UV- absorbing vinyl monomer or a benzophenone based 
UV- absorbing vinyl monomer with another vinyl monomer 

20 copolymerlzable therewith Is used In tacklfler compositions, 
light and chemical -res 1st ant synthetic resins, and powder 
paint resins for the purpose of Improving weather 
resistance. However, the use of such UV-absorblng 
copolymers In a primer or undercoat layer Is unknown. 

25 Undesirably, the use of such UV-absorblng copolymers 

adversely affects the adhesion to the substrate and to the 
protective coating of colloidal silica-containing 
polyslloxane paint to be applied on the primer layer. 
[0009] 

30 Moreover, it is known from JP-A 8-151415 that a 

mixture of a benzotrlazole based UV-absorblng vinyl monomer 
or a benzophenone based UV-absorblng vinyl monomer and 
another vinyl monomer copolymerlzable therewith is used in 
coating compositions which are effective for forming 

35 protective coatings on surfaces of synthetic resins. Since 
these protective coatings are based on vinyl polymers, their 
mar resistance is limited. 
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[0010] 

Accordingly, an object of the Invention is to provide 
an undercoat ing composition for forming a protective coating 
having improved mar and weather resistance without the above 
5 problems, and a method of coating with the use of the 
composition. 
[0011] 

[Means for Solving the Problem and Embodiment of the 
Invention] 

10 The present inventors have earnestly studied in order 

to attain the above object. As a result, it has been found 
that the above -described problems can be overcome by an 
undercoating composition using an organic copolymer 
comprising (A) a benzotriazole base UV-absorbing vinyl 

15 monomer, (B) a vinyl monomer containing an alkoxysilyl 

group, and (C) another monomer copolymerizable therewith, 
the vinyl monomer containing an alkoxysilyl group accounting 
for 0.1 to 50% by weight of the copolymer. Preferably an 
acrylic monomer having a cyclic hindered amine base 

20 photo- stabilizing group is used as the other monomer (C) in 
an amount of 0.1 to 10% by weight of the copolymer. The 
undercoating composition may further contain, per 100 parts 
by weight of the organic copolymer, 0.1 to 50 parts by 
weight a compound containing a nitrogen atom and an 

25 alkoxysilyl group in one molecule. 
[0012] 

The inventors sought for an undercoating composition 
capable of improving the adhesion and weather resistance of 
molded parts of thermoplastic resins such as polycarbonate 

30 which are subsequently coated with an organopolysiloxane 
coating. When the above organic copolymer, in which 
benzotriazole base UV-absorbing groups are fixed to the 
polymer backbone through chemical bonds, is used in the 
primer coating composition, the organic copolymer does not 

35 migrate to the surface, eliminates the whitening phenomenon 
of outer appearance, is not dissolved in water and solvents. 
The initial loading of the organic copolymer is retained 
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over a long period of time, and the UV-absorblng effect 
declines little with the lapse of time. Even on heat curing 
treatment at elevated temperature, the UV-absorber does not 
volatilize off the coating. The copolymer Is so compatible 
5 with other components In the undercoatlng composition that a 
large amount of the copolymer may be added without 
detracting from the transparency and adhesion of the 
undercoatlng composition to the substrate or the protective 
coating. 

10 [0013] 

Further, since the vinyl monomer containing an 
alkoxysllyl group Is used, alkoxysllyl groups are Introduced 
into the undercoatlng layer to provide the undercoatlng 
layer with a reactivity with a protective coating layer to 

15 be applied thereon, thereby improving adhesion. This, 
combined with crosslinking among alkoxysllyl groups, 
contributes to Improvements In heat resistance and 
durability. 
[0014] 

20 When a compound containing a nitrogen atom and an 

alkoxysllyl group in one molecule, preferably a compound 
containing at least one nitrogen atom and at least two 
alkoxysllyl groups In one molecule Is added to the organic 
copolymer, the undercoatlng layer is given water-proof 

25 adhesion. The compound crosslinks with alkoxysllyl groups 
In the organic copolymer to denslfy the undercoatlng and 
serves to fix the photo- stabilizer and other optional 
additives within the undercoatlng layer. The copolymer can 
introduce a large amount of UV-absorblng groups in the 

30 primer coating layer while maintaining various useful 

properties, and eliminates the addition of or reduces the 
amount of a UV-absorber in an organopolyslloxane base 
overcoat which UV-absorber can be a detrimental factor to 
the mar resistance of the overcoat. 

35 [0015] 

Accordingly, the present invention provides the 
following undercoatlng composition and coating method. 



[I] An undercoatlng composition comprising an organic 
copolymer comprising (A) a UV- absorbing benzotrlazole based 
vinyl monomer, (B) an alkoxysllyl group -containing vinyl 
monomer, and (C) another copolymerlzable monomer, the 
alkoxysllyl group -containing vinyl monomer accounting for 
0.1 to. 50% by weight of the copolymer, 

[II] The undercoatlng composition further comprising 0.1 to 
10 parts by weight of a photo- stabilizer having at least one 
cyclic hindered amine structure In a molecule, per 100 parts 
by weight of said organic copolymer. 

[III] The undercoatlng composition wherein said copolymer 
contains 0.1 to 10% by weight of an acrylic monomer having a 
cyclic hindered amine base photo- stabilizing group as 
component (C) . 

[IV] The undercoatlng composition further comprising 0.1 to 
50 parts by weight of a compound containing a nitrogen atom 
and an alkoxysllyl group in one molecule, per 100 parts by 
weight of said organic copolymer. 

[V] The undercoatlng composition wherein the compound 
containing a nitrogen atom and an alkoxysllyl group in one 
molecule is a compound containing at least one nitrogen atom 
and at least two alkoxysllyl groups in one molecule. 

[VI] A method for coating a plastic substrate with a 
weather and abrasion-resistant coating, comprising the steps 
of: 

(I) applying an organic solvent solution of the 
undercoatlng composition onto a plastic substrate, 

(II) evaporating the organic solvent and curing the 
coating, 

(ill) applying an organopolysiloxane composition onto 
the primer coat, said organopolysiloxane composition 
comprising a hydrolyzate or co-hydrolyzate of an 
organoxysilane of the following general formula (1): 

R*„Sl(OR^),.„ (1) 

wherein is selected from the class consisting of a alkyl 
group, aryl group, halogenated alkyl group, halogenated aryl 
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group and alkenyl group of 1 to 10 carbon atoms, and an 
organic group having an epoxy, (meth)acryloxy, mercapto, 
amino or cyano group, Is hydrogen or an organic group of 1 
to 10 carbon atoms, and m Is equal to 0, 1 or 2, and 
5 (Iv) heating the coating of the organ opolyslloxane 

composition for curing. 

[VII] The method wherein said organopolyslloxane composition 
further contains colloidal silica. 
[0016] 

10 The following Is the detailed description of the 

Invention. 

The undercoatlng composition of the present Invention 
comprises as essential components (A) a UV-absorblng 
benzotrlazole based vinyl monomer, (B) an alkoxysllyl 
15 group -containing vinyl monomer, and (C) another 

copolymerlzable monomer, the alkoxysllyl group -containing 
vinyl monomer accounting for 0.1 to 50% by weight of the 
copolymer . 
[0017] 

20 The benzotrlazole based UV-absorblng vinyl monomer (A) 

used herein Is not critical as long as It has at least one 
benzotrlazole based UV-absorblng group and at least one 
vinyl group In a molecule. Typical are compounds of the 
general formula ( 2 ) . 

25 [0018] 




Herein, X Is hydrogen or chlorine. Is hydrogen, methyl or 

a tertiary alkyl group of 4 to 8 carbon atoms. Is a 

straight or branched alkylene group of 2 to 10 carbon atoms. 
R^ is hydrogen or methyl. The letter n Is equal to 0 or 1. 
30 [0019] 

In formula (2), excimples of the tertiary C^.e alkyl 
group represented by R^ Include tert -butyl, tert-pentyl. 
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tert-hexyl, tert-heptyl, tert-octyl and di-tert-octyl. 
Examples of the straight or branched C2.10 alkylene group 
represented by Include ethylene, trimethylene , propylene, 
t etramethylene , 1,1- dime thylt etramethylene , butylene , 
5 octylene, and decylene, with ethylene and propylene being 
preferred. 
[0020] 

Illustrative, non- limiting, examples of the compound 
of formula (2) include 
10 2 - ( 2 ■ -hydroxy- 5 ' -methacryloxyphenyl ) - 2H-benzotria201e , 

2- (2 ■ -hydroxy- 3 ' -tert-butyl-5 ' -methacryloxymethylphenyl) -2H- 
benzotriazole , 

2- [ 2 " -hydroxy- 5 ' - ( 2 -methacryloxyethyl) phenyl ] -2H-benzotriazole, 
2- [ 2 • -hydroxy- 5 ' - ( 2 -acryloxyethyl) phenyl] -2K-benzotriazole , 
15 2- [ 2 " -hydroxy- 3 ' -tert-butyl-5 ' - ( 2-methacryloxyethyl) phenyl] - 
5-chloro-2H-benzotriazole, and 

2- [ 2 • -hydroxy- 3 ' -methyl- 5 ' - ( 8-acryloxyoctyl) phenyl] -2H- 
benzotriazole • 
[0021] 

20 The benzotriazole based UV-absorbing vinyl monomer may 

be used alone or in admixture of two or more. 
[0022] 

The content of the benzotriazole based UV-absorbing 
vinyl monomer (A) in the organic copolymer is preferably 0.1 

25 to 50%, and more preferably 3 to 40% by weight based on the 
copolymer composition when the compatibility of the 
resulting organic polymer with other primer constituents and 
the weather resistance of the resulting primer coating 
composition are taken into account. Copolymers with more 

30 than 50 wt% of the vinyl monomer (A) may become less 

compatible with other constituents of the primer coating 
composition and is uneconomical. Less than 0.1 wt% may fail 
to provide the desired weather resistance. 
[0023] 

35 In the organic copolymer, the allcoxysilyl 

group -containing vinyl monomer (B) accounts for 0.1 to 50% 
by weight based on the copolymer composition. Less than 0.1 
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wt% of the vinyl monomer (B) falls to Improve heat 
resistance and durability. Copolymers with more than 50 wt% 
of the vinyl monomer (B) becomes too hard to provide 
adhesion. 
[0024] 

The alkoxysllyl group -containing vinyl monomer (B) 
used herein Is not critical as long as It has at least one 
alkoxysllyl group and at least one vinyl group In a 
molecule. Typical are compounds of the general formula (3). 

R'^-R'-SlR%.i.(OR')^ (3) 

Herein, R^ Is a polymerlzable unsaturated group, R^ Is a 
straight or branched alkylene group of 1 to 10 carbon atoms, 
R^ and R^, which may be the same or different, are alkyl 
groups of 1 to 6 carbon atoms, and L Is an Integer of 1 to 
3. 

[0025] 

In formula (3), exemplary polymerlzable unsaturated 
groups represented by R^ are vinyl, vlnyloxy, (meth) acrylic, 
{meth)acryloyloxy , and styryl. Exeimples of straight or 
branched Ci.^o alkylene group represented by R^ Include 
methylene, ethylene, trlmethylene , propylene, 
tetramethylene , 1,1- dlmethylt e tramethylene , butylene , 
octylene, and decylene. Examples of the C^.^ alkyl group 
represented by R® and R* are methyl, ethyl, propyl, butyl, 
pentyl and hexyl. 
[0026] 

As the alkoxysllyl group -containing vinyl monomer (B), 
exemplary (meth) acrylic functional monomers Include 
3 -methacryloxypropyltrlmethoxysllane , 
3 -methacryloxypropyltrlethoxysllane , 
3 -methacryloxypropylmethyldlmethoxysllane , 
3 -methacryloxypropylmethyldlethoxysllane , 
3-acryloxypropyltrimethoxysllane, 
3-acryloxypropyltrlethoxysllane, 
3-acryloxypropylmethyldlmethoxysllane , 
3-acryloxypropylmethyldlethoxysllane, 



3 -methacryloxyme thyltrimethoxysilane , 

3 -methacryloxymethyltrlethoxysllane , 

3 -methacryloxyme thy Imethyldimethoxysilane , 

3 -methacryloxyme thy Imethyldiethoxysllane , 

3 - aery loxyme thy It rime thoxys llane , 

3 -acryloxymethyltrlethoxysilane , 

3 - acryloxymethylmethyldimethoxysilane , and 

3 -acryloxymethy Imethyldiethoxysllane • Of these , 

3 - me thacryloxy propyl t rime thoxys 1 1 ane and 

3-methacryloxypropylmethyldlmethoxysllane are preferred for 
ease of handling, crossllnked density and reactivity. 
[0027] 

Examples of the alkoxysllyl group- containing vinyl 
monomer are vinyltrimethoxys llane, vlnyltrle thoxys llane, 
vinyltris ( 2 -methoxyethoxy ) silane , 

vinylmethyldlmethoxysilane , viny Imethyldiethoxysllane , 

vinylmethylbis { 2 -methoxyethoxy) silane , 

3 - vlnyloxypropyltrimethoxysllane , 

3 - vinyloxypropyltriethoxysilane , 

3-vinyloxypropylmethyldimethoxysllane, 

3 -vlnyloxypropy Imethyldiethoxysllane, 

styrylethyltrimethoxysllane, and styrylt rime thoxys llane. Of 
these , vinyltrimethoxysilane , vinyl trie thoxys llane , and 
3 -vlnyloxypropyltrimethoxysllane are preferred for ease of 
handling and reactivity. 
[0028] 

The other monomers (C) copolymerlzable with the 
foregoing monomers include acrylic monomers having a cyclic 
hindered amine structure, {meth)acrylates , 

(meth)acrylonitrile, (meth) acrylamides , alkyl vinyl ethers, 
alkyl vinyl esters, styrene and derivatives thereof. 
[0029] 

Examples of suitable acrylic monomers having a cyclic 
hindered amine structure are 

2,2,6,6-tetramethyl-4-piperidlnyl methacrylate and 
1,2,2,6, 6-pentamethyl-4-piperldinyl methacrylate . These 
photo-stabilizers may be used in admixture of two or more. 
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[0030] 

Examples of suitable (meth)acrylates and derivatives 
thereof Include 

(nieth)acrylates of monohydrlc alcohols such as 
methyl (meth)acrylate, ethyl (meth)acrylate, 
n-propyl {meth)acrylate, isopropyl (meth)acrylate, 
n -butyl (meth)acrylate, isobutyl (meth)acryiate, 
sec-butyl (meth)acrylate, t-butyl (meth)acrylate, 
n-pentyl (meth)acrylate, isopentyl (meth)acrylate, 
n-hexyl (meth) aery late, isohexyl (meth)acrylate, 
n-heptyl (meth) acrylate, isoheptyl (meth)acrylate, 
2 - ethylhexy 1 ( meth ) acrylate , n - octyl ( me th ) acrylate , 
isooctyl (meth) acrylate, n-nonyl (meth) acrylate, 
isononyl (meth) acrylate, n-decyl (meth) acrylate, 
isodecyl (meth) acrylate, n-undecyl (meth) acrylate, 
n-dodecyl (meth) acrylate, palmityl (meth) acrylate, 
stearyl (meth) acrylate, cyclohexyl (meth) acrylate, 
4 -methylcyclohexyl ( meth ) acrylate , 
4- t-butylcyclohexyl (meth) acrylate , and 
benzyl ( meth ) acrylate ; 

(meth)acrylates of alkoxy( poly) alky lene glycols such 
as 2-methoxyethyl (meth) acrylate, 

2 -methoxybutyl ( meth ) acrylate , 3 -methoxypropyl ( me th ) acrylate , 
2 -methoxybutyl ( meth ) acrylate , 3 -methoxybutyl ( meth ) acrylate , 
4 -methoxybutyl (meth) acrylate, methoxypolyethylene glycol 
(meth) acrylate (e,g., the number of ethylene glycol units is 2 
to 20), and methoxypolypropylene glycol (meth) acrylate (e.g., 
the number of propylene glycol units is 2 to 20); 

mono ( meth )acrylates of polyhydric alcohols such as 

2 - hydroxyethyl ( meth ) acrylate , 2 -hydroxy propyl ( meth ) acrylate , 

3 - hydroxypropyl ( meth ) acrylate , 2 -hydroxybutyl ( meth ) acrylate , 
3 -hydroxybutyl (meth) acrylate , 4 -hydroxybutyl (meth) acrylate , 
glycerin mono (meth) acrylate, pentaerythritol mono (meth) acrylate 
polyethylene glycol mono (meth) acrylate (e.g., the number of 
ethylene glycol units is 2 to 20), and 

polypropylene glycol mono (meth) acrylate (e.g., the number of 
propylene glycol units is 2 to 20); 
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poly (meth) aery lates of polyhydrlc alcohols such as 
ethylene glycol dl(meth)acrylate, 
propylene glycol dl(meth)acrylate, 

butylene glycol di( meth) aery late, glycerin dl(ineth)acrylate, 

glycerin trl(meth)acirylate, 

pent aery thritol di(meth)acrylate, 

pentaerythritol tetra(meth)acrylate, 

1 , 4-cyclohexane dlol dl( meth) aery late, 

polyethylene glycol dl(meth)acrylate (e.g., the ntunber of 
ethylene glycol units Is 2 to 20), and 

polypropylene glycol di(meth)acrylate (e.g., the number of 
propylene glycol units is 2 to 20); 

(poly) esters of non-polymerizable polybasic acids with 
hydroxylalkyl (meth)acrylates , such as 
mono [ 2 - ( meth ) acryloyloxyethyl ] succinate , 
di [ 2 - ( meth ) acryloyloxyethyl ] succinate , 
mono [ 2 - (meth) acryloyloxyethyl ] adipate , 
di [ 2 - ( meth ) acryloyloxyethyl ] adipate , 
mono [ 2 - ( meth ) acryloyloxyethyl ] phthalat e , and 
di [ 2 - ( me th ) acryloyloxyethyl ] phthalat e ; 

cunino group -containing (meth)acrylates such as 
2 - aminoethyl ( meth ) acrylat e , 
2 - ( N-methyleunino ) ethyl ( meth ) acrylate , 
2 - ( N , N-dimethylamino ) ethyl ( meth ) acrylate , 
2- (N-ethylamino)ethyl (meth) acrylate, . 

2 - ( N , N-diethylamino ) ethyl { meth ) acrylate , 

3 - ( N , N-dimethylamino ) propyl ( meth ) acrylate , and 

4- (N, N-dimethylamino) butyl (meth) acrylate; and 

epoxy group -containing (meth) acrylat es such as 
glycidyl ( meth ) acrylate . 
[0031] 

Examples of suitable (meth)acrylonitrile derivatives 
include a-chloroacrylonitrile , a-chloromethylacrylonitrile , 
a- trif luoromethylacrylonitrile , a-methoxyacrylonitrile , 

a-ethoxyacrylonitrile, and vinylidene cyanide. Examples of 
suitable (meth) aery lamide derivatives include 
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N -methyl (me th ) acrylamlde , N , N -dimethyl (me th ) aczylamlde , 
N- ethyl ( meth ) acrylamlde , N , N- diethyl ( meth ) acrylamlde , 
N-methoxy ( meth ) acrylamlde , N , N-dlmethoxy ( me th ) acrylamlde , 
N-ethoxy (meth) acrylamlde , N , N-dlethoxy (meth) acrylamlde , 
dlace t one ( me th ) acrylamlde , N -me thylol ( meth ) acrylamlde , 
N- ( 2 -hydroxy ethyl ) (meth ) acrylamlde , 
N , N-dlmethylcunlnomethyl (meth) acrylamlde , 
N- ( 2 -dlmethylamlno ) ethyl ( meth ) acrylamlde , 
N , N ' -me t hylenebls ( me th ) acrylamlde , and 

N,N' -ethylenebis (meth) acrylamlde. Examples of suitable 
alkyl vinyl ethers include methyl vinyl ether, ethyl vinyl 
ether, butyl vinyl ether, and hexyl vinyl ether. Examples 
of suitable alkyl vinyl esters include vinyl formate, vinyl 
acetate, vinyl acrylate, vinyl lactate, vinyl caproate, and 
vinyl stearate. Examples of styrene and derivatives thereof 

include styrene, a-methylstyrene, and vinyl toluene. Of 
these monomers, (meth)acrylates are preferred. Especially 
preferred are methyl (meth) acrylate , ethyl (meth) acrylate, 
isopropyl (meth) acrylate, n -butyl ( meth) acrylate , 
n- hexyl (meth) acrylate , 2-ethylhexyl (meth) acrylate , 
Isononyl ( meth ) acrylate , cyclohexyl ( meth ) acrylate , 
4 -methylcyclohexyl ( meth ) acrylate , and 
4 - t - butylcyclohexyl ( me th ) acrylate . 
[0032] 

The above monomers may be used alone or in admixture 
of two or more. Of these monomer, copolymerlzing an acrylic 
monomer having a cyclic hindered amine structure is 
preferred for improving photo- stability and weather 
resistance. The preferred content of the acrylic monomer is 
0.1 to 10% by weight based on the copolymer composition 
because more than 10 wt% of the acrylic monomer can detract 
from adhesion of the coating. 
[0033] 

In the undercoating composition of the invention, the 
organic copolymer as the main component is comprised of (A) 
the benzotriazole based UV- absorbing vinyl monomer, (B) the 
alkoxysilyl group -containing vinyl monomer, and (C) the 
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other copolymerlzable monomer, described above. The 
copolymer can be readily prepared by adding a radical 
polymerization Initiator to a solution of the monomers, 
followed by heating to effect reaction. The Initiator Is 
selected from peroxides such as dlcumyl peroxide and benzoyl 
peroxide and azo compounds such as azoblslsobutyronltrlle. 
[0034] 

Preferably the organic copolymer have a weight average 
molecular weight of 1,000 to 200,000. 
[0035] 

In the undercoatlng composition, an appropriate amount 
of the organic copolymer Is 10 to 80% by weight. If the 
organic copolymer is less than 10% by weight, the primer 
coating composition may become thermoplastic and less 
resistant to heat . If the organic copolymer exceeds 80% by 
weight of the primer coating composition, adhesion may 
become poor. 
[0036] 

In the undercoatlng composition, a compound containing 
a nitrogen atom and an alkoxysllyl group In a molecule may 
be added to the above organic copolymer. Preferably the 
compound contains at least one nitrogen atom and at least 
two alkoxysllyl groups in a molecule. Preferred examples of 
the compound used herein include an amino group -containing 
alkoxysllane, amino group -containing dl(alkoxysllane) , amide 
group -containing alkoxysllane, one obtained by reacting an 
amino group -containing alkoxysllane with an epoxy 
group- containing alkoxysllane and a silylating agent and 
amidating the reaction product, the reaction product of an 
amino group-containing alkoxysllane with a 
(poly) (meth) acrylic compound, the reaction product of an 
amino group-containing alkoxysllane with a (meth) acrylic 
group -containing alkoxysllane, the reaction product of a 
polyamlne compound with a (meth) acrylic group- containing 
alkoxysllane, and one obtained by reacting an amino 
group- containing alkoxysllane with a polyf unctlonal 
Isocyanate compound and amidating the reaction product. Of 
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these, preferred Is the one obtained by reacting an amino 
group -containing alkoxysllane with an epoxy group -containing 
alkoxysllane and a sllylatlng agent and amldatlng the 
reaction product. 
[0037] 

Illustrative examples of the components used herein 
are described. Examples of the amino group-containing 
alkoxysllane Include 3-amlnopropyltrlmethoxysllane, 
3-amlnopropyltrlethoxysllane , 
3-emilnopropylmethyldlmethoxysllane , 
3 -amlnopropylmethyldlethoxysllane , 
N- ( 2-amlnoethyl) -3-amlnopropyltrlmethoxysllane, 
N- ( 2-amlnoethyl ) - 3-amlnopropyltrlethoxysllane , 
N- (2-amlnoethyl) -3-aminopropylmethyldlmethoxysllane, 
N- (2-amlnoethyl) -3-amlnopropylmethyldlethoxysllane, 
3 - ( trlmethoxysllylpropyl ) amlnopropyltrlmethoxysllane , 
3 - ( trlethoxysllylpropyl ) amlnopropyltrlethoxysllane , 
2 - ( trlmethoxysllylpropyl ) amlnoethyl- 3 -amlnopropyltrlmethoxy- 
sllane, and 

2- ( trlethoxysllylpropyl ) amlnoethyl -3 -amlnopropyltrlethoxy- 
sllane. 
[0038] 

A typical eunlno group- containing dl( alkoxysllane) Is 
bis ( trlmethoxysllylpropyl ) amine . 
[0039] 

Examples of the amide group -containing alkoxysllane 
Include ureldopropyltrlmethoxysllane , 
ureidopropyltriethoxysllane , 
ureidopropylmethyldimethoxysllane , and 
ureldopropylmethyldlethoxysllane . 
[0040] 

Examples of the (poly) (meth) acrylic compound Include 
alkyl methacrylates such as methyl methacrylate , 
butyl methacrylate and 2-ethylhexyl methacrylate, 
alkyl acrylates such as methyl acrylate, ethyl acrylate and 
butyl acrylate, as well as acrylamlde, acrylonltrlle , and 
ethylene glycol dlmethacrylate • 



[0041] 

Examples of the polyamlne compound Include 
ethylene diamine, dlethylene trlamlne, trlethylene trlamlne, 
tetraethylene pentamlne, and plperazlne. 
[0042] 

Examples of the polylsocyanate compound Include 
toluene dllsocyanate, dlphenylmethane dlisocyanate, 
hexamethylene dllsocyanate, 
2,2,4- trlmethylhexame thylene dllsocyanate , 
2,4,4- trlmethylhexame thylene dllsocyanate , 
p-phenylene dllsocyanate, 
4,4* -dlcyclohexylmethane dllsocyanate , 
3,3' -dimethyldiphenyl-4 , 4 ' -dllsocyanate, 
dianisidine dllsocyanate, m-xylene dllsocyanate, 
Isophorone dllsocyanate , 1 , 5 -naphthalene dllsocyanate , 
trans -1 , 4-cyclohexyl dllsocyanate, lysine dllsocyanate, 
dlmethyltrlphenylmethane tetralsocyanate , 
trlphenylmethane trllsocyanate , and 
trls ( phenyl Isocyanate ) thlophosphate . 
[0043] 

Examples of the (meth) acrylic group -containing 
alkoxysllane are as exemplified above for the alkoxysllyl 
group -containing acrylic monomer. 
[0044] 

The process of obtaining the amide compound by 
reacting an amino group -containing alkoxysllane with an 
epoxy group- containing alkoxysllane and a sllylatlng agent 
and amidating the reaction product Is described below. The 
amino group-containing alkoxysllane Is as exemplified above 
although N- ( 2-aminoethyl) -3-amlnopropyltrlmethoxysilane and 
N- (2-aminoethyl) -3-aminopropylmethyldimethoxysllane are 
preferred for adhesion and operation. The epoxy 
group- containing alkoxysllane used herein is not critical 

although y-glycidoxypropyltrimethoxysilane, 

Y-glycldoxypropylmethyldimethoxysilane , and 
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P- { 3 , 4-epoxycyclohexyl)ethylmethyldiinethoxysilane are 
preferred for reactivity and operation. Exeunples of the 
silylating agent include hexamethyldisilazane, 
N , N ' -bis ( trimethylsilyl ) f ormamide and 
5 N,N' -bis (trimethylsilyl) urea. When the amino 

group- containing alkoxysilane reacts with the epoxy 
group -containing alkoxysilane, the silylating agent serves 
to protect the OH groups generated by the reaction for 
preventing reaction between OH groups and alkoxysilyl 
10 groups , thereby precluding a change with time of the 
reaction product. 
[0045] 

Reaction of the eunino group -containing alkoxysilane 
with the epoxy group -containing alkoxysilane and the 

15 silylating agent may be effected by adding dropwise the 
epoxy group -containing alkoxysilane to a mixture of the 
amino group-containing alkoxysilane and the silylating agent 
and heating the mixture for reaction. Alternatively, the 
cunino group -containing alkoxysilane is reacted with the 

20 epoxy group -containing alkoxysilane, and the silylating 

agent is added to the reaction product for further reaction. 
[0046] 

In this reaction, the amino group -containing 
alkoxysilane and the epoxy group -containing alkoxysilane are 

25 preferably used in such amounts that the molar ratio of 

epoxy groups to amino (-N-H) groups may range from 0.3/1 to 
1.2/1. If the molar ratio of epoxy/amino is less than 0.3, 
only a less number of alkoxy groups per molecule participate 
in crosslinking, leading to short cure, and the entire 

30 molecule is not spread, leading to a weak surface bond. If 
the molar ratio of epoxy/cimino is more than 1.2, amino 
{=N-H) groups which can be amidated during subsequent 
amidation step become few, exacerbating water-resistant 
bond. 

35 [0047] 

The reaction product is then amidated. For amidation, 
the reaction product may be reacted with a carboxylic acid 
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hallde, acid anhydride or acid Isopropenyl ester such as 
acetic chloride, acetic bromide, propionic chloride, 
acetic anhydride, Isopropenyl acetate or benzoyl chloride. 
[0048] 

5 In the Inventive undercoatlng composition, 0.1 to 50 

parts, especially 0.5 to 20 parts by weight of the above 
compound Is preferably blended per 100 parts by weight of 
the organic copolymer. More than 50 parts by weight of the 
compound sometimes results In a primer layer having a too 
10 high crossllnked density, a high hardness, and rather poor 
adhesion. 
[0049] 

Constituent components other than the reaction product 
in the undercoatlng composition are described. 
15 [0050] 

In the undercoatlng composition, a photo-stablllzer 
having at least one cyclic hindered amine structure In a 
molecule may be added for Improving weather resistance. The 
photo-stablllzer used herein should preferably be fully 
20 soluble In the solvent of the primer coating composition, 
compatible with the organic copolymer, and low volatile. 
[0051] 

In the undercoatlng composition, 0.1 to 10 parts by 
weight of the photo-stablllzer Is preferably blended per 100 
25 parts by weight of the organic copolymer. More than 10 
parts of the photo-stablllzer detracts from adhesion of a 
coating. 
[0052] 

Illustrative examples of the photo- stabilizer include 
30 3-dodecyl-l- (2,2,6, 6 -tetramethyl- 4 -piperldlnyl) pyrrolidine - 
2 , 5-dione, 

N -methyl - 3 -dodecyl- 1 - ( 2 , 2 , 6 , 6 -tetramethyl- 4 -piperldlnyl ) - 
pyrrolidine -2,5- dione , 

N- acetyl - 3 - dodecyl- 1 -{2,2,6,6- tetramethyl - 4 -piperldlnyl ) - 
3 5 pyrrolidine -2,5- dione , 

bls(2,2, 6, 6-tetramethyl-4-plperldyl) sebacate, 
bis (1,2,2,6,6 -pentamethyl- 4 -plperidyl ) sebacate , 
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tetrakls (2,2,6,6- tetreunethyl - 4 -piperidyl ) 
1,2,3,4 -butanetetracarboxylate , 

tetrakls (1,2,2,6 , 6 -pentamethyl- 4 -piperidyl) 1,2,3 , 4 -butane- 
tetracarboxylate , 

a condensate of 1,2,3,4-butanetetracarboxylic acid with 
2,2,6, 6-tetramethyl-piperidinol and tridecanol , 
8-acetyl-3-dodecyl-7 , 7,9, 9- tetramethyl-1 , 3 , 8-triazaspiro- 
[4,5] decane -2,4- dione , 

a condensate of 1,2,3,4-butanetetracarboxylic acid with 
1,2,6 , 6-tetramethyl-4-piperidinol and 

p , P , P , P " - tetramethyl-3 , 9- ( 2 , 4 , 8 , 10- tetraoxaspiro [5,5]- 
undecane ) diethanol , and a condensate of 
1,2,3,4-butanetetracarboxylic acid with 
2,2,6 , 6-tetreunethyl-4-piperidinol and 

p,p,p,p ■ - tetreunethyl- 3 , 9- (2 , 4 , 8, 10-tetraoxaspiro[ 5 , 5] - 
undecane) diethanol. For the purpose of fixing the 
photo- stabilizer , there may be also used silyl-modif ied 
photo- stabilizers as disclosed in JP-B 61-56187, for example, 
2,2,6, 6-tetramethylpiperidino-4-propyltrimethoxysilane, 
2,2,6, 6-tetramethylpiperidino-4-propylmethyldimethoxysilane , 
2,2,6, 6-tetramethylpiperidino-4-propyltriethoxysilane , and 
2,2,6, 6-tetramethylpiperidlno-4-propylmethyldiethoxysilane 
as well as (partial) hydrolyzates thereof. These 
photo- stabilizers may be used in admixture of two or more. 
[0053] 

In the undercoat ing composition, a conventional 
ultraviolet absorber which has not been silyl modified may 
be added insofar as no detrimental effect is exerted. Such 
UV- absorbers are organic UV- absorbers compatible with the 
organic copolymer. Derivatives of compounds having a 
hydroxybenzophenone , benzotriazole , cyanoacrylate or 
triazine main skeleton are especially preferred. Also 
acceptable are polymers such as vinyl polymers having such a 
UV-absorber incorporated on a side chain. Exemplary 
UV- absorbers are 2,4' -dihydroxybenzophenone , 
2 , 2 " , 4 , 4 ' -tetrahydroxybenzophenone, 
2 -hydroxy- 4 -methoxybenzophenone , 
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2 -hydroxy- 4 -methoxybenzophenone- 5 - sulfonic acid , 

2 -hydroxy- 4 -n-octoxybenzophenone , 

2 -hydroxy- 4 -n-dodecyloxybenzophenone , 

2-hydroxy-4-n-benzyloxybenzophenone, 

2,2' -dlhydroxy-4 ^ 4 ' -dlmethoxybenzophenone , 

2,2" -dlhydroxy-4 , 4 ' -dlethoxybenzophenone, 

2,2" -dlhydroxy-4 , 4 ' -dlpropoxybenzophenone , 

2,2* -dlhydroxy-4 , 4 ' -dlbutoxybenzophenone, 

2,2' -dlhydroxy-4-methoxy-4 ' -propoxybenzophenone, 

2,2' -dihydroxy-4-methoxy-4 ' -butoxybenzophenone, 

2,3,4- trlhydroxybenzophenone , 

2 - { 2 -hydroxy- 5 - t -methylphenyl ) benzotrlazole , 

2 - ( 2 -hydroxy- 5 - t - oc tylphenyl ) benzotrlazole , 

2- ( 2 -hydroxy- 3 , 5 -dl-t-butylphenyl) benzotrlazole, 

ethyl-2-cyano-3 , 3-dlphenyl acrylate, 

2 - e t hy Ihexy 1 - 2 - cy ano -3,3- dlpheny 1 aery la t e , 

2- (2-hydroxy-4-hexyloxyphenyl) -4 , 6-dlphenyltrlazlne, 

4 - ( 2-acryloxyethyl ) - 2 -hydroxybenzophenone polymer , and 

2 - ( 2 • -hydroxy- 5 ' -methacryloxyethylphenyl) -2H-benzotrlazole 

polymer . Of these , 2 , 2 " , 4 , 4 ' - tetrahydroxybenzophenone Is 

most preferred from the standpoints of compatibility with 

the primer coating composition and volatility. These 

organic UV- absorbers may be used In admixture of two or 

more. 

[0054] 

If the undercoatlng composition has a too low 
viscosity to apply and thus forms only a thin coating, an 
acrylic polymer may be added as a component capable of 
imparting flexibility without detracting from adhesion. 
Such useful acrylic polymers include 

poly(alkyl methacrylates ) and poly(alkyl acrylates) such as 
poly (methyl methacrylate) , poly (butyl methacrylate) , and 
poly (butyl acrylate), and copolymers thereof. These acrylic 
polymers are effective for Imparting flexibility to the 
primer coating composition without detracting from adhesion. 
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[0055] 

The amount of the acrylic polymer added Is desirably 
limited to 30% by weight or less based on the entire primer 
coating composition since more than 30% by weight of the 
5 acrylic polymer can preclude the composition from heat 
curing • 
[0056] 

On use, the undercoatlng composition Is diluted with a 
solvent. Useful solvents Include dlacetone alcohol, 
10 propylene glycol monomethyl ether, 
ethylene glycol monomethyl ether, 
propylene glycol monoethyl ether, 

ethylene glycol monoethyl ether, Isobutyl alcohol, 
Isopropyl alcohol, n-butyl alcohol, n-propyl alcohol, 

15 acetone, methyl ethyl ketone, methyl Isobutyl ketone, 

acetyl acetone, ethyl acetate, butyl acetate, xylene, and 
toluene. The primer coating composition Is generally 
diluted with the solvent Into a solution containing 5 to 10% 
by weight of the organic copolymer prior to use. 

20 [0057] 

The undercoatlng composition Is applied to a surface 
of a plastic substrate, typically a plastic film, which has 
been cleaned, whereupon the diluting solvent Is evaporated 
off at room temperature or elevated temperature, leaving a 

25 dry undercoat of 0.5 to 20 pm, preferably 1 to 10 (Jim thick. 
The organic solvent dilution should preferably have a 
viscosity of about 5 to 50 centlstokes . A dilution with a 
viscosity of less than 5 centlstokes would be difficult to 
form a thick coat whereas a dilution with a viscosity of 

30 more than 50 centlstokes would be difficult to handle and 
apply. To the composition, a fluorine or silicone 
surfactant may be added for leveling of the coating, and a 
catalytic amount of a crossllnking/curlng catalyst may also 
be added for accelerating cure. 

35 [0058] 

The plastic substrates such as plastic films and 
sheets with the cured coat of the undercoatlng composition of 



-23- 



the present invention are improved in initial adhesion, heat 
resistance, hot -water resistance, and weather resistance. A 
topcoat is formed on the primer layer with the known 
organopolysiloxane composition. For example, the known 
5 composition comprises a hydrolyzate or co-hydrolyzate of an 
organoxysilane of the following general formula (1): 

R^„Si{OR'),.„ (1) 

10 wherein is an alkyl group, aryl group, halogenated alkyl 
group, halogenated aryl group or alkenyl group of 1 to 10 
carbon atoms, or an organic group having an epoxy, 
(meth)acryloxy, mercapto, amino or cyano group, R^ is 
hydrogen or a monovalent organic group of 1 to 10 carbon 

15 atoms and m is equal to 0, 1 or 2. 

The top coat is formed by applying and heating the 
composition especially to 50-140* C to cure it. The 
resulting plastic article has the inventive undercoating 
composition layer applied at its surface. The top coat of 

20 the organopolysiloxane synergistically cooperates with the 

undercoat of the undercoating composition to accomplish high 
adhesion and abrasion resistance as well as excellent 
weather resistance and its stability due to tight fixation 
of the UV-absorber in the undercoat. 

25 [0059] 

In formula (1), R* is an alkyl group, aryl group, 
halogenated alkyl group, halogenated aryl group or alkenyl 
group of 1 to 10 carbon atoms, or an organic group having an 
epoxy, (meth)acryloxy, mercapto, amino or cyano group. 

30 Examples include alkyl groups such as methyl, ethyl, propyl, 
isopropyl, butyl, hexyl, decyl and cyclohexyl; aryl groups 
such as phenyl and phenethyl; halogenated alkyl groups such 
as 3-chloropropyl, 3 , 3 , 3-trif luoropropyl , and 
3,3,4,4,5,5,6,6,6-nonafluorohexyl; halogenated aryl groups 

35 such as p-chlorophenyl; alkenyl groups such as vinyl, allyl, 
9-decenyl and p-vinylbenzyl; epoxy group -containing organic 
groups such as 3-glycidoxypropyl, 
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P - ( 3 , 4 - epoxycyclohexyl ) ethyl and 9,10- epoxydecyl ; 
(meth)acryloxy group -containing organic groups such as 
y-methacryloxypropyl and Y'^cryloxy; mercapto 

group -containing organic groups such as Y-mercaptopropyl and 
p-mercaptomethylphenylethyl; amino group- containing organic 
groups such as Y'^^^^opropyl and 

(P-aminoethyl) "Y-aminopropyl; and cyano group -containing 

organic groups such as p-cyanoethyl. 
[0060] 

is a hydrogen atom or an organic group having 1 to 
10 carbon atoms. The organic group exemplifies an alkyl 
group, alkenyl group, alkoxyalkyl group or acyl group. An 
alkyl group and acyl group are preferred. Exeunples include 
methyl group, ethyl group, propyl group, isopropyl group, 
butyl group, hexyl group, phenyl group, isopropenyl group, 
methoxyethyl group and acetyl group. 
[0061] 

Illustrative, non-limiting, examples of the silane 
compounds that satisfy the above conditions include 

trialkoxy or triacyloxysilanes such as 
methyltrimethoxys ilane , me thyl tr ie thoxys ilane , 
methyltris ( 2 -methoxyethoxy ) silane , methyltriacetoxysilane , 
me thyl tripropoxy silane , methyltriisopropenoxysilane , 
methyltributoxysilane , ethyltrimethoxysilane , 
ethyltriethoxysilane , vinyltrimethoxysilane , 
vinyltriethoxysilane , vinyltriacetoxysllane , 

vinyltris ( 2 -methoxyethoxy) silane , vinyltriisopropenoxysilane , 
phenyl t rime thoxys ilane , phenyl trie thoxys ilane , 

phenyl triacetoxy silane , Y-chloropropylt rime thoxys ilane , 

Y-chloropropyltriethoxysilane, Y"Chloropropyltripropoxysilane, 
3 , 3 , 3- trif luoropropyltrimethoxysilane , 
Y-glycidoxypropyltrimethoxysilane , 
Y-glycidoxypropylmethyldimethoxysilane, 
Y-glycidoxypropyl trie thoxys ilane , 
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Y-glycidoxypropylmethyldiethoxysilane, 

p- ( 3 , 4 -epoxycyclohexyl ) ethyltrimethoxysilane , 

P- ( 3 , 4 -epoxycyclohexyl ) ethylmethyldlmethoxysllane , 

P- ( 3 , 4 -epoxycyclohexyl ) ethyl trlethoxysllane , 

P- ( 3 , 4 -epoxycyclohexyl ) ethylmethyldlethoxysllane , 

Y-methacryloxypropyltrlmethoxysilane , 

Y-acryloxypropyltrimethoxysllane, 

Y-amlnopropyltrlmethoxysllane , Y"^i^op^<^Pyl't^i®thoxysilane , 
Y-mercaptopropyltrlmethoxysllane, 
Y-mercaptopropyltrlethoxysllane , 

Nr- ( p-aminoethyl ) -Y-aminopropyltrlmethoxysilane , and 

P-cyanoethyltrimethoxysilane ; 

dlalkoxysllanes or dlacyloxysllanes such as 
dime thy Idlxnethoxysllane , dime thy Idle thoxysllane , 
dlmethyldl ( 2 -methoxyethoxy ) sllane , dlmethyldlacetoxysllane , 
dime thy Idlpropoxysllane , dime thyldllsopropenoxy sllane , 
dlmethyldlbutoxysllane , vlnylmethyldlmethoxysllane , 
vlnylmethyldlethoxysllane , vlnylmethyldlacetoxysllane , 
vlnylmethyldl ( 2 -methoxyethoxy ) sllane , 

vlnylmethyldllsopropenoxysllane , phenylmethyldlmethoxysllane , 
phenylmethyldle thoxysllane , phenylmethyldlacetoxy sllane , 

Y-propylmethyldlmethoxysllane , Y"P^opylmethyldle thoxysllane , 

Y-propylmethyldlpropoxysllane , 

3,3, 3-trlf luoropropylmethyldlmethoxysllane, 

Y-methacryloxypropylmethyldlmethoxysllane, 

Y-acryloxypropylmethyldlmethoxy sllane, 

Y - amlnopropylme thyldime thoxy s llane , 

Y - amlnopropylme thy Idle thoxy s llane , 

Y -mer cap topropylme thyldime thoxy sllane, 

Y-mercaptopropylmethyldlethoxysllane, 

N- ( p-£unlnoethyl) -Y"^ii^op^opylni®tJ^yl<iiin® thoxy si lane , and 
P-cyanoethylmethyldlmethoxy sllane ; and 
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tetraalkoxysllanes such as methyl silicate « 
ethyl silicate, n-propyl silicate, n-butyl silicate, 
sec-butyl silicate, and t-butyl silicate. 
[0062] 

5 (Co- )hydrolyzates of these sllane compounds are also 

useful. These sllane compounds and/or (co- )hydrolyzates 
thereof may be used alone or In admixture of two or more* 
[0063] 

The (CO- )hydrolyzates of the above sllane compounds 
10 are obtained, for example, by adding water to a lower 

alcohol solution of the sllane compound(s) In the presence 
of an acid catalyst. Exemplary lower alcohols are methanol, 
ethanol, isopropanol and butanol. Solvents compatible with 
these alcohols include ketones such as acetone and 
15 acetylacetone, esters such as ethyl acetate and isobutyl 
acetate, and ethers such as propylene glycol monomethyl 
ether, dlpropylene glycol monomethyl ether, and dllsopropyl 
ether . 

[0064] 

20 For Improving mar resistance, it Is preferred to apply 

a colloidal silica- laden organopolysiloxane composition in 
which 5 to 70% by weight of colloidal silica (obtained by 
dispersing silica fines having a particle size of about 1 to 

100 m|j. in water or an alcohol such as methanol, ethanol, 
25 isobutanol or diacetone alcohol) is added to the above 

organopolysiloxane composition. Also a metal oxide such as 
titanium oxide, zirconium oxide, tin oxide or tungsten oxide 
may be added as a UV- shielding agent to the above 
organopolysiloxane composition. Moreover, a curing catalyst 
30 may be added in a catalytic amount to the above 

organopolysiloxane composition. The curing catalyst is 
selected from quaternary ammonium salts, alkali metal salts 
of organic acids, alkoxides and chelates of aluminum, 
titanium, chromium and iron, perchlorates , acid anhydrides, 
35 polyamines, and Lewis acids, though not limited thereto. 
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[0065] 

The undercoatlng composition Is useful In various 
plastic materials. Specifically, the plastic materials to 
which the composition Is applicable preferably Include those 
5 of polycarbonate, polystyrene, modified acrylic resins, 
urethane resins, thlourethane resins, polycondensates of 
halogenated blsphenol A and ethylene glycol, acrylic 
urethane resins, halogenated aryl group -containing acrylic 
resins, and sulf ur-contalnlng resins. 
10 [0066] 

Synthesis Examples, Examples and Comparative Examples 
of the Invention are given below by way of Illustration and 
not by way of limitation. All parts and percents are by 
weight . 
15 [0067] 

<Synthesis of alkoxysllyl group -containing, UV-absorblng 
organic copolymers > 

[Synthesis Example 1] 

A 2 -liter flask equipped with a stirrer, condenser and 
20 thermometer was charged with 376.7 g of dlacetone alcohol as 
a solvent, which was heated at 80"* C under a nitrogen stream. 
To the flask were successively iadmltted a 90-g portion of a 
monomer . premlx consisting of 16.5 g of 2- [ 2 ' -hydroxy-5 ' - ( 2- 
methacryloxyethyl ) phenyl ] -2H-benzotrlazole, 54 g of 

25 v^^'thacryloxypropyltrlmethoxysllane, 216 g of methyl 

methacrylate, 16.9 g of ethyl acrylate, 16.9 g of vinyl 
acetate, and 33.8 g of glycldyl methacrylate, and a 36-g 
portion of a solution of 2.3 g of 2, 2 ' -azobls(2-methyl- 
butyronltrlle ) as a polymerization Initiator In 177.7 g of 

30 dlacetone alcohol. Reaction was effected at 80' C for 30 

minutes, following which the remainder of the monomer premlx 
and the remainder of the polymerization initiator solution 
were simultaneously added dropwise at 80 to 90** C over 1.5 
hours. Stirring was continued for a further 5 hours at 80 

35 to 90*C. 
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[0068] 

The resulting solution of alkoxysllyl 
group-containing, UV-absorblng organic copolymer had a 
viscosity of 14,000 centlpolse. The copolymer had a 
5 UV-absorblng monomer content of 4.7% and an alkoxyl 

group-containing monomer content of 15 •2%. It had a weight 
average molecular weight of 105,000 on GPC analysis using 
standard polystyrene as a reference. 
[0069] 

10 [Synthesis Example 2] 

A solution of alkoxysllyl group-containing, 
UV-absorblng organic copolymer was prepared as in Synthesis 
Example 1 except that 376.7 g of diacetone alcohol as the 
solvent was changed to 385.4 g, 16.5 g of 2- [ 2 ' -hydroxy-5 ' - 
15 ( 2 -methacryloxyethyl) phenyl ] -2H-benzotrlazole as the monomer 
was changed to 35 g, and 2.8 g of 1 , 2 , 2 , 6 , 6-pentamethyl-4- 
plperidlnyl methacrylate was used as an additional monomer. 
[0070] 

The resulting copolymer solution had a viscosity of 
20 7,500 centlpolse. The copolymer had a UV-absorblng monomer 
content of 9.3% and an alkoxyl group -containing monomer 
content of 14.3%. It had a weight average molecular weight 
of 96,400 on GPC analysis using standard polystyrene as a 
reference. 
25 [0071] 

[Synthesis Example 3] 

A 2-liter flask equipped with a stirrer, condenser and 
thermometer was charged with 471.3 g of diacetone alcohol as 
a solvent and 55.2 g of 2- [ 2 ' -hydroxy-5 2-methacryloxy- 
30 ethyl ) phenyl ] -2H-benzotriazole, which were heated at 80^*0 
under a nitrogen stream. To the flask were successively 
admitted a 90-g portion of a monomer premix consisting of 
40.0 g of 2- [2 ' -hydroxy-5 2-methacryloxyethyl) phenyl ] -2H- 

benzotriazole, 54 g of Y-n^^thacryloxypropyltrimethoxysilane, 
35 216 g of methyl methacrylate, 16.9 g of ethyl acrylate, 16.9 
g of vinyl acetate, 33.8 g of glycidyl methacrylate, and 2.8 
g of 1,2,2,6, 6 -pentamethyl- 4 -plperidinyl methacrylate , and a 
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36 -g portion of a solution of 2.3 g of 2 , 2 ' -azobls ( 2- 
methylbutyronltrlle) as a polymerization Initiator In 177.7 
g of dlacetone alcohol. Reaction was effected at 80*" C for 
30 minutes , following which the remainder of the monomer 
5 premlx and the remainder of the polymerization Initiator 
solution were simultaneously added dropwlse at 80 to 90"* C 
over 1.5 hours. Stirring was continued for a further 5 
hours at 80 to 90**C. 
[0072] 

10 The resulting solution of alkoxysilyl 

group -containing, UV-absorbing organic copolymer had a 
viscosity of 10,700 centipolse. The copolymer had a 
UV-absorbing monomer content of 22.0% and an alkoxyl 
group- containing monomer content of 12.3%. It had a weight 
15 average molecular weight of 58,000 on GPC analysis using 
standard polystyrene as a reference. 
[0073] 
[Synthesis Exeimple 4] 

A solution of alkoxysilyl group -containing, 
20 UV-absorbing organic copolymer was prepared as in Synthesis 
Example 1 except that 16.5 g of 2-[2' -hydroxy- 5 ' - ( 2 - 
methacryloxyethyl ) phenyl ] -2H-benzotrlazole as the monomer 
was changed to 0.2 g, and 216 g of methyl methacrylate was 
changed to 232.3 g. 
25 [0074] 

The resulting copolymer solution had a viscosity of 
13,200 centipolse. The copolymer had a UV-absorbing monomer 
content of 0.06% and an alkoxyl group- containing monomer 
content of 15.2%. It had a weight average molecular weight 
30 of 99,900 on GPC analysis using standard polystyrene as a 
reference. 
[0075] 
[Synthesis Example 5] 

A solution of alkoxysilyl group -containing, 
35 UV-absorbing organic copolymer was prepared as in Synthesis 
Example 1 except that 16.5 g of 2-[2' -hydroxy- 5 ' - ( 2 - 
methacryloxyethyl ) phenyl ] -2H-benzotrlazole as the monomer 
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was changed to 194.8 g, and 216 g of methyl methacrylate was 
changed to 37.7 g. The monomer premlx then became slurry 
because 2 - [ 2 ' -hydroxy- 5 ' - { 2 -methacryloxyethyl ) phenyl ] - 2H- 
benzotrlazole was not fully dissolved. 
5 [0076] 

The resulting copolymer solution had a viscosity of 
3,400 centlpolse. The copolymer had a UV-absorblng monomer 
content of 55.0% and an alkoxyl group-containing monomer 
content of 15.2%. It had a weight average molecular weight 
10 of 32,000 on GPC analysis using standard polystyrene as a 
reference. 
[0077] 
[ Synthesis Example 6 ] 

A solution of UV- absorbing organic copolymer was 
15 prepared as in Synthesis Example 1 except that 54 g of 

7-methacryloxypropyltrimethoxysilane was omitted, and 216 g 
of methyl methacrylate was changed to 270 g. 
[0078] 

The resulting copolymer solution had a viscosity of 
20 38,000 centipoise. The copolymer had a UV-absorbing monomer 
content of 4.7% and an alkoxyl group -containing monomer 
content of 0%. It had a weight average molecular weight of 
94,000 on GPC analysis using standard polystyrene as a 
reference . 
25 [0079] 

< Synthesis of compounds containing a nitrogen atom and 
an alkoxysilyl group in a molecule> 
[Synthesis Example 7] 

A 2 -liter flask equipped with a stirrer, condenser and 
30 thermometer was charged with 222 g of N-2- (aminoethyl) -3- 
aminopropyltrimethoxysilane and 242 g of hexamethyl- 
disilazane as a silylating agent. The contents were heated 
at 120* C under a nitrogen stream. To the flask, 496 g of 

Y-glycidoxypropylmethyldiethoxysilane was added dropwlse for 
35 reaction. The reaction mixture was further stirred and 
heated at 120** C for 5 hours. A low-boiling fraction was 
stripped off at 100** C under vacuum, leaving 862 g of a 
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vlscous compound having a viscosity of 1,387 centlstokes , a 
refractive Index of 1.4618 and a specific gravity of 1.048. 
[0080] 

Next, a 2-llter flask equipped with a stirrer, 
5 condenser and thermometer was charged with 862 g of the 
reaction product and 862 g of toluene. In a nitrogen 
stream, 141 g of acetic anhydride was added dropwlse to the 
flask at room temperature for reaction. The reaction 
mixture was further stirred and heated at 110** C for 2 hours. 
10 Methanol, 141 g, was added dropwlse to the reaction mixture 
at 50* C, which was further stirred and heated at 50** C for 1 
hour. A low-bolling fraction was stripped off at 100** C 
under vacuum, leaving a highly viscous compound. 
[0081] 

15 This compound was analyzed by IR absorption 

spectroscopy, finding no absorption peaks attributable to 
the OH or NH group in the region of at least 3,000 cm"^, but 
a definite peak attributable to the amide group absorption 
at 1,650 cm"^. 

20 [0082] 

<Synthesls of colloidal silica-laden organopolyslloxane 
composltlon> 
[Synthesis Example 8] 

A 1- liter flask equipped with a stirrer, condenser and 

25 thermometer was charged with 164 g of methyltrlethoxysllane 
and 46 g of Isobutanol, which were maintained below 5** C 
under ice cooling with stirring. To this was added 138 g of 
colloidal silica (containing 20% of SiOa) below 5**C. The 
mixture was stirred for 2 hours under ice cooling and for a 

30 further 8 hours at 20 to 25" C. Thereafter, 45 g of 

diacetone alcohol and 50 g of isobutanol were added, 1.5 g 
of a 10% aqueous solution of sodium propionate was then 
added, and the resulting mixture was adjusted to pH 6 to 7 
with acetic acid. This was adjusted with isobutanol to a 

35 nonvolatile content of 17% as measured by JIS K-6833 and 
ripened for 5 days at room temperature. The resulting 
colloidal silica- laden organopolyslloxane composition had a 
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viscoslty of about 5 centlstokes and the nonvolatile 
component had a number average molecular weight of about 
1,000. 

[0083] 

5 [Synthesis Example 9] 

The procedure of Synthesis Example 8 was repeated 
except that 3.0 g of a 10% aqueous solution of 
tetramethylammonlum benzoate was used Instead of the sodium 
propionate aqueous solution, obtaining a colloidal 
10 silica- laden organopolyslloxane composition. 
[0084] 
[Synthesis Example 10] 

The procedure of Synthesis Example 8 was repeated 
except that there was further added 1 . 8 g of 
15 2 , 2 ' , 4 , 4 ' -tetrahydroxybenzophenone (corresponding to 2 parts 
per 100 parts of the solids of the colloidal silica-laden 
organopolyslloxane composition), obtaining a colloidal 
silica-laden organopolyslloxane composition. 
[0085] 

20 < Synthesis of sllyl-modlf led photo- stabilizer > 
[Synthesis Example 11] 

A 0.3-llter flask equipped with a stirrer, condenser 
and thermometer was charged with 100 g (0.5 mol) of 
2,2,6,6-tetramethyl-4-allyl-piperidine and 0.13 g of a 

25 butanol solution of chloroplatinic acid (2% solution of 

H2PtCl6' 6H2O) . To the flask at room temperature, 80.6 g (0.66 
mol) of trimethoxysilane was added dropwise over one hour, 
and reaction effected at 90* C for 5 hours. At the end of 
reaction, distillation was effected under vacuum, collecting 

30 126 g of a fraction at 151-154*C at 7 mmHg. By gas 
chromatography , 2,2,6,6 - t etramethylpiperidino - 4 - 
propyltrimethoxysilane was collected at a purity of 97%. 
Its structure was confirmed by IR spectrometry and 
proton-NMR analysis. 

35 [0086] 

Examples of the invention are given below by way of 
illustration. The abbreviations for UV-absorbers , hindered 
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amlne photo- stabilizers, and organic copolymers used In 
Examples and Comparative Examples have the following 
meaning • 

<Alkoxysllyl group -containing, UV- absorbing organic copolymers > 
Pol-1: the reaction product of Synthetic Example 1 
Pol- 2: the reaction product of Synthetic Example 2 
Pol-3: the reaction product of Synthetic Example 3 
Pol- 4: the reaction product of Synthetic Example 4 
Pol- 5: the reaction product of Synthetic Example 5 
Pol- 6: the reaction product of Synthetic Example 6 

<UV-absorbers> 

UVA- 1 : 2 , 2 ' , 4 , 4 ' - tetrahydroxybenzophenone 

UVA -2: 2-(3,5-di-t-bu t y 1 - 2 - hy dr oxypheny 1 ) - 5 - chlor ob en z o - 

trlazole 

UVA-3 : 2- ( 2-hydroxy-4-hexyloxyphenyl) -4 , 6-dlphenyltriazine 
UVA- 4 : a copolymer of 2- ( 2 ' -hydroxy- 5 ' -methacryloxyethyl- 

phenyl) -2H-benzotrlazole (30%) and methyl 

methacrylate (70%) 
UVA- 5 : a copolymer of 2- ( 2 ' -hydroxy- 5 ' -methacryloxyethyl- 

phenyl) -2H-benzotrlazole (30%) and styrene (70%) 
<Hlndered amine photo-stablllzers> 

HALS - 1 : N - acetyl - 3 - dodecy 1 -l-(2,2,6,6- t e t r ame thy 1 - 4 - 

plperldlnyl ) pyrrolidine -2,5- dlone 
HALS-2: a condensate of 1 , 2 , 3 , 4-butanetetracarboxyllc acid, 

2,2,6, 6 - tetramethyl-plperldlnol and trldecanol 
HALS- 3 : 2,2,6, 6-tetramethylpiperidlno-4-propyltrlmethoxy- 

sllane synthesized In Synthesis Example 11 
<Compounds containing nitrogen and alkoxysllyl group In molecule> 
NSi- 1 : ureidopropyltriethoxysllane 

NSi-2: the reaction product of Synthetic Example 7 
<Colloidal silica- laden organopolysiloxane compositions > 
HC-1: colloidal silica-laden organopolysiloxane composition 

of Synthetic Example 8 
HC-2: colloidal silica-laden organopolysiloxane composition 

of Synthetic Example 9 
HC-3: colloidal silica-laden organopolysiloxane composition 

of Synthetic Example 10 
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[0087] 

In Examples, physical properties were measured and 
rated by the following procedures. 
(1) Weathering test 
5 An accelerated weathering test was carried out by a 

carbon arc sunshine weatherometer according to JIS K-5400. 
After 5,000 hours, a yellowing factor and adhesion were 
examined according to JIS K-7103. The adhesion Is evaluated 
by the method shown below. 
10 (2) Marring test 

Using a Taber abrader equipped with an abrasive wheel 
CS-IOF, a sample was rotated under a load of 500 g according 
to ASTM 1044. After 1,000 revolutions, the sample was 
measured for haze. A Taber abrasion (%} was calculated as 
15 the haze after test minus the haze prior to test. 
(3) Adhesion of cured film 

An adhesive tape test was carried out according to JIS 
K-5400 by scribing a ssunple with a razor along eleven spaced 
1-mm apart orthogonal lines to define 100 square sections in 
20 the coating, closely applying a commercially available 

adhesive tape thereto, and quickly peeling the adhesive tape 
by an angle of 90 degrees. The number (X) of remaining (not 
peeled) coating sections is expressed as X/100. 
[0088] 

25 [Examples 1-12 and Comparative Examples 1-10] 

Undercoat ing compositions (A) to (V) were prepared 
according to the formulation shown in Tables 1 to 4 by 
mixing the alkoxysilyl group -containing, UV-absorbing 
organic copolymer (Pol-1 to 6) prepared in Synthetic 

30 Examples 1 to 6 , polymethyl methacrylate having an average 
molecular weight of 150,000, the compound containing 
nitrogen and alkoxysilyl group in molecule (NSi-1, 2), the 
UV-absorber (UVA-1 to 5), and the photo-stabilizer (HALS-1 
to 3), and diluting the mixture with a 20/80 mixture of 

35 dlacetone alcohol and ethylene glycol monomethyl ether to a 
concentration of 10% organic copolymer solids. 
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[0089] 

The undercoat Ing composition was applied onto a 
cleaned surface of a polycarbonate resin sheet of 0.5 mm 
thick by the flow coating method and cured at about 120* C 
5 for about 30 minutes, obtaining a cured primer coating of 

0.5 to 20 )im thick* The colloidal slllca-laden 
organopolyslloxane coating composition each obtained In 
Synthetic Examples 8 to 10 was applied onto the primer 
coating by the flow coating method and cured at about 120'C 

10 for about one hour, obtaining a cured coating of 0.5 to 20 
thick. The thus surf ace -coated sheets were exeunlned for 
physical properties, with the results shown In Table 5. 
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[0090] 

Table 1 





Example 


1 


2 


3 


4 


5 


6 


Primer <3esi. 91131^1011 


A 


B 


C 


D 


E 


F 


UVA 
















Pol-1 
(100 parts) 


Pol-2 
(100 parts) 


Pol- 3 
(100 parts) 


Pol-1 
(100 parts) 


Pol-1 
(100 parts) 


Pol-1 
(100 parts) 


Polymethyl 
roethacry lat e 










20 parts 


20 parts 


NSl 










NSi-1 
(5 parts) 


NSl-2 
(20 parts) 


HALS 










HALS-1 
(10 parts) 


HALS -2 
(10 parts) 


Colloidal silica- laden 
organopolyslloxane 


HC-1 


HC-1 


HC-1 


HC-2 


HC-1 


HC-1 



5 [0091] 

Table 2 





Example 


7 


8 


9 


10 


11 


12 


Primer designation 


G 


H 


I 


J 


K 


L 


UVA 




UVA-1 
(3 parts) 


UVA- 2 
(3 parts) 


UVA- 3 
(3 parts) 


UVA- 4 
(3 parts) 


UVA- 5 
(3 parts) 


Organic copolymer 


Pol-2 
(100 parts) 


Pol-1 
(100 parts) 


Pol-1 
(100 parts) 


Pol-1 
(100 parts) 


Pol-1 
(100 parts) 


Pol-1 
(100 parts) 


Polymethyl 
methacrylate 


20 parts 








20 parts 




NSl 


NSl -2 
(30 parts) 


NSl-2 
(20 parts) 


NSl-2 
(20 parts) 


NSl-2 
(20 parts) 


NSl -2 
(20 parts) 


NSl-2 
(20 parts) 


HALS 


HALS-3 
(6 parts) 


HALS-1 
(3 parts) 


HALS-3 
(10 parts) 


HALS-3 
(6 parts) 


HALS-1 
(2 parts) 


HALS-1 
(2 parts) 


Colloidal silica- laden 
organopolysiloxane 


HC-3 


HC-3 


HC-3 


HC-3 


HC-3 


HC-3 
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[0092] 

Table 3 





Comparative Example 


1 


2 


3 


4 


5 


6 


Primer designation 


M 


N 


0 


P 


0 


R 


UVA 




UVA-1 
(20 parts) 


UVA- 2 
(20 parts) 


UVA- 3 
(20 parts) 


UVA- 4 
(20 parts) 


UVA- 5 
(20 parts) 


Organic copolymer 


Pol -4 
(100 parts) 


Pol -4 
(100 parts) 


Pol -4 
(100 parts) 


Pol-4 
(100 parts) 


Pol- 4 
(100 parts) 


Pol-4 
(100 parts) 


Polymethyl 
methacrylate 














Nsl 














HALS 














Colloidal Silica- laden 
organopoly s iloxane 


HC-1 


HC-1 


HC-1 


HC-1 


HC-1 


HC-1 



5 [0093] 

Table 4 





Compwative Example 


7 


8 


9 


10 


Primer designation 


S 


T 


U 


V 


UVA 


UVA-1 
(20 parts) 




UVA- 2 
(20 parts) 




Organic copolymer 


Pol-4 
(100 parts) 


Pol-5 
(100 parts) 


Pol -5 
(100 parts) 


Pol-6 
(100 parts) 


Polymethyl 
methacrylate 


20 parts 




20 parts 




NSi 


NSi- 2 
(20 parts) 




NSi -2 
(20 parts) 




HALS 


HALS -2 
(1 part) 




HALS-2 
(1 part) 




Colloidal silica-laden 
organopolyslloxane 


HC-1 


HC-2 


HC-2 


HC-2 
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[0094] 

Table 5 





Initial 


Weathering 


Yellowing 
factor 


Taber 
abrasion 


Yellowing 
factor 


Adhesion 


Example 1 


1,0 


7 


2.0 


100/100 


Example 2 


1.5 


7 


2.0 


100/100 


Example 3 


1.5 


8 


1.5 


100/100 


Example 4 


1.0 


8 


2.0 


100/100 


Example 5 


1.5 


7 


2.5 


100/100 


Example 6 


1.0 


7 


2.0 


100/100 


Example 7 


1.0 


8 


2.0 


100/100 


Exeunple 8 


3.0 


9 


2.0 


100/100 


Example 9 


1.0 


8 


2.0 


100/100 


Example 10 


2.5 


9 


2.5 


100/100 


Exsunple 11 


1.0 


8 


2.0 


100/100 


Example 12 


1.0 


8 


1.0 


100/100 


Comparative Exeunple 1 


1.0 


9 


35.0 


100/100 


Comparative Example 2 


4.0 


20 


15.0 


0/100 


Comparative Example 3 


1.5 


15 


8.0 


0/100 


Comparative Example 4 


3.0 


11 


20.0 


100/100 


Comparative Exeunple 5 


1.5 


10 


10.0 


100/100 


Comparative Example 6 


1.5 


12 


13.0 


100/100 


Comparative Example 7 


1.5 


8 


9.0 


100/100 


Comparative Example 8 


1.0 


16 


4.0 


0/100 


Comparative Example 9 


1.5 


18 


4.0 


50/100 


Comparative Example 10 


1.0 


20 


10.0 


0/100 
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[0095] 

[Effect of the Invention] 

Coated plastic articles, especially of polycarbonate 
resins, liavlng coatings of the Inventive undercoatlng 
5 compositions are endowed with Improved transparency, mar 
resistance, weather resistance and chemical resistance. 
They are suited on outdoor use, for example, as windows and 
windshields on automobiles, aircraft and other transporting 
vehicles, building windows, and acoustic barrier walls along 
10 highways • 



.A' 



2000-027719 
[ABSTRACT] 




[Means for Solution] 

An undercoatlng composition comprising an organic copolymer 
5 comprising (A) a UV-absorblng benzotrlazole based vinyl monomer, 
(B) an allcoxysllyl group -containing vinyl monomer, and (C) anotlier 
copolymerlzable monomer, the alJcoxysllyl group-containing vinyl 
monomer accounting for 0.1 to 50% by welglit of tlie copolymer. 



having coatings of the Inventive undercoatlng compositions aire 
endowed with Improved transparency, mar resistance, weather 
resistance and chemical resistance. They are suited on outdoor 
use, for example, as windows and windshields on automobiles, 
15 aircraft and other transporting vehicles, building windows, and 
acoustic barrier walls along highways. 



10 



[Effect] 

Coated plastic articles , especially of polycarbonate resins , 
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